We demonstrate a compact 290 fs, 0.5 mJ laser source at 2-μm wavelength generated from mJ-level 3.4-ps pulses from a fiber laser seeded Ho:YLF regenerative amplifier system via pulse compression in a gas-filled Kagome type HC-PCF.
Introduction
Mid-IR optical parametric amplifiers (OPA), pumped by sub-ps mJ-level 2-µm sources followed by pulse selfcompression provide a direct path to strong field physics experiments [1] . Despite its wide range of applications, currently, the available 2-μm sources are either limited by energy or by the pulse duration, lying in several ps-range, which makes it unusable for many interesting applications. Efficient pulse compression via SPM-induced spectral broadening in inhibited coupling (IC) Kagome hollow-core photonic crystal fibers (HC-PCF) is a strong candidate due to its guiding nature of light over a large bandwidth with demonstration in gasses as a nonlinear medium. In addition, IC guidance mechanism contrasts with the photonic bandgap HC-PCF by offering enlarged core diameter, ultra-low power overlap with the silica cladding down to the ppm level and low dispersion [2] . This model has led to the seminal introduction of hypocycloid core-contour (i.e. negative curvature) [3] , which allowed a dramatic reduction in transmission loss and record breaking in optical pulse energy handling and compression Recently, Ho:YAG regenerative amplifiers have been demonstrated with mJ-level pulse energies [4] , but used an OPA for seeding. In the past, gas-filled IC Kagome type HC-PCF have been used for 16-fold compression of 1-μm laser pulses [5] and 1.7-μm pulses [6] . Ho:YLF systems have several advantages over Ho:YAG and Tm systems. For example, it offers low nonlinearity, a long upper state lifetime of 15 milli-second which helps to generate higher pulse energies. In the first part of the paper, we report on a compact Ho:YLF chirped pulse amplifier system seeded with a home-built Ho:fiber oscillator generating 1.2 mJ pulses at a 1 kHz repetition rate and a pulse duration of 3.4 ps which is the shortest pulse duration achieved from a Ho:YLF system so far. While, in the second part we compress, part of the output beam using gas filled HC-PCF from 3.4 ps to 290 fs which can generate white-light and can be used as a seed source for MIR-OPAs. The remaining energy can be further amplified using single-pass amplifier and can be used as a pump for the OPA [7] . We thus present a two-branch front-end for MIR-OPAs with both pump and seed from same laser. Moreover, we generate a peak intensity of 26 TW/cm 2 and short pulse at 2-μm from a compact Ho:YLF system.
Experiments and Results
The basis of the setup was a Ho:YLF regenerative amplifier followed by a single pass amplifier (Q-peak Inc.) [7] . The amplifier was seeded with a home-built Holmium doped fiber (HDF) oscillator (whose details can be found in [8] ) pumped with a Tm:fiber laser delivering 10W output power at 1950 nm wavelength. Our simple, compact, nonlinear polarisation evolution (NPE) modelocked HDF oscillator was operated in the dispersion managed soliton regime and generated 1nJ pulse energy with 160 fs pulse duration and an average power of 35 mW. The oscillator pulses have been stretched up to 300 ps using chirped volume Bragg gratings (CVBG). The seed spectrum was centred at 2.05 μm with a bandwidth of 19 nm at FWHM. The regen cavity was pumped using a Tm:fiber laser at 1940 nm with a maximum power of 8 W. The output of the regen was later amplified with a booster stage Ho:YLF single pass amplifier. A total amplification of ~10 7 was achieved, leading to a net output energy of 1.2 mJ at 1 kHz. The pulses were then compressed using a second identical CVBG with an efficiency of 88 %, leading to a pulse energy of 1.1 mJ. Fig. 1(a) shows the experimental layout of the CPA scheme. An SHG-FROG measurement of the pulses was performed and the retrieved pulse duration was 3.4ps. Fig. 1(b) shows the corresponding measured (red) and retrieved spectrum (black). Fig. 1(c) shows the pulse intensity (black) and the temporal phase (blue) while Fig.  1(d) and (e) show the measured and retrieved FROG trace of the pulses, which agree rather well. To compress the pulses further, part of the beam was coupled into 4 m long, 19-cell hypocycloid shaped IC Kagome HC-PCF (Fig.1a) with a core-diameter of 85 μm and NA of 0.02 through one end of the fiber while the other end was filled with Ar gas at 3 bar pressure. For all cases, the pulses were carefully characterized using a home-built SHG-FROG. We achieved optimum compression from 3.4 ps to 290 fs with an incident energy of 0.56 mJ which resulted in an output energy of 0.51 mJ with an optimum coupling efficiency of 91%. Fig. 2 shows the corresponding measured and reconstructed pulses using FROG. Fig. 2 (a) shows the 40 nm broadened measured (red) and retrieved (black) spectrum with spectral phase (blue). Fig. 2 (b) shows the pulse intensity profile (black) and the temporal phase (blue) with 38% (0.19mJ) energy confined in the central peak. This corresponds to a peak power of 0.65 GW and peak intensity of 26 TW/cm 2 . (c) and (d) shows the measured and reconstructed FROG trace respectively. 
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Conclusion
In summary, we have demonstrated a compact Ho:YLF amplifier system delivering 1.2 mJ pulses at 3.4 ps duration. Further pulse compression was achieved using IC Kagome type HC-PCF fiber generating 290 fs pulse duration and 0.51 mJ energy at 1 kHz repetition rate leading to a peak intensity of 26 TW/cm 2 and 0.65 GW peak power. Numerical model will be used to explain the compression and to optimize a second stage compressor to further compress the pulse. 
